The accretion mechanism producing the short flares observed from the Supergiant Fast X-ray Transients (SFXT) is still highly debated and forms a major part in our attempts to place these X-ray binaries in the wider context of the High Mass X-ray Binaries.
Introduction
IGR J16328-4726 was first reported as an unidentified transient source in the third INT EGRAL IBIS/ISGRI survey with a flux of 4 mCrab and 3.2 mCrab in the energy range 20-40 keV and 40-100 keV, respectively (Bird et al. 2007 , Bodaghee et al. 2007 ).
The Swif t XRT follow-up observations performed during a flare (on 2009 June 10) showed that the X-ray spectrum of the source was, at that time, well described by an absorbed power law model with a N H ≃8×10 22 cm −2 in excess of the expected Galactic value and a photon index Γ≃0.56 (Grupe et al. 2009 ).
On the basis of its transient and recurrent nature, its short and intense flares and a dynamic range of ∼ 10 2 , this source has been classified as a candidate SFXT (Fiocchi et al. 2010 ). An orbital period corresponding to ∼ 10 days has been derived by Corbet et al. (2010) making use of Swif t/BAT data. IGR J16328-4726 was observed by XMM-Newton on 2011 February 20 (corresponding to an orbital phase of ∼0.1) for a total exposure time of ∼22 ks (Bozzo et al. 2012) . The analysis of these data showed a flux variation of a factor ∼10 without significant variation of the spectral parameters (N H and Γ).
The average spectrum was well fitted with an absorbed power law model with a column density of ∼ 17.5 × 10 22 cm −2 , a photon index of ∼ 1.5 and unabsorbed 2-10 keV flux of 1.7 × 10 −11 erg cm −2 s −1 . The source was also within the field of view of BeppoSAX in 1998: the MECS X-ray data showed a frequent microactivity typical of the intermediate state of SFXT and a weak flare with a duration of ∼4.6 ks (Fiocchi et al. 2013) . During these observations the photon index of the power law model remained constant while the absorption column density was highly variable, spanning from ∼3 to ∼20 ×10 22 cm −2 across the transition from the low emission level (F 2−10keV ∼ 3 × 10 −12 erg cm −2 s −1 )
to the peak of the flare (F 2−10keV ∼ 10 −10 erg cm −2 s −1 ). Romano et al. 2013 reported on the spectral analysis of a flare that occurred on 2009 June 10, and has observed -4 -with the Swif t/XRT instrument. During the brightest X-ray emission (unabsorbed flux of 4.2 × 10 −10 erg cm −2 s −1 ) the photon index was ∼0.65 and the column density was ∼9×10 22 cm −2 in excess of the Galactic one. IR observations allowed confirmation of the nature of the companion as a O8I spectral type star (Coleiro et al. 2013 ) and determined the source distance of 7.2±0.3 kpc (Persi et al. 2015) . At soft X-ray energies a long term monitoring (2011) (2012) (2013) with Swif t/XRT allowed a detailed study of the emission outside the bright outbursts, identifying two low emission levels, both well described with a power law model: the first has a photon index of ∼ 1.35 and a column density of ∼ 13.6×10 22 cm −2 at an observed flux of F 2−10keV ∼ 16 × 10 −12 erg cm −2 s −1 , while the second one is fitted with a photon index of ∼ 0.3 and a column density of ∼ 1.5×10 22 cm −2 at an observed flux of F 2−10keV ∼ 1.1 × 10 −12 erg cm −2 s −1 . These observations allowed an estimate of the lower limit of the dynamic range in this source of ∼750 (Romano et al. 2014b ).
This source has been reported as a SFXT characterized by an intermediate orbital period
and a low flux variability in the review of Walter et al. (2015) .
Outbursts from IGR J16328-4726 usually occur near the periastron passage, at a restricted phase range of its orbital period (10.068±0.002 days, Fiocchi et al. 2013) , allowing the use of fixed-time observations. In this paper we report on the spectral results for two XMM-Newton (Jansen et al. 2001 ) observations, performed quasi-simultaneously with a long INT EGRAL (Winkler et al. 2003 ) observation performed at periastron (phase = 0.5).
Observations and Data Reduction
The The INTEGRAL/IBIS (Ubertini et al. 2003) data are processed using the Off-line Scientific Analysis (OSA v10.2) software released by the INT EGRAL Scientific Data
Centre (Courvoisier et al. 2003) .
Light curves and images of the source are extracted in the 23-50 keV energy band.
These runs were performed with the AVES cluster, designed to optimize performances and disk storage need to the INTEGRAL data analysis by Federici et al. (2010) .
XMM-Newton data were processed using version 14.0 of the Science Analysis Software (SAS). During both observations, EPIC MOS1 and PN operated in Full Frame Imaging mode and EPIC MOS2 in Partial Frame Imaging mode, filter used was the medium thickness filter for both observations. Calibrated events are filtered using patterns 0-4 for the PN and 0-12 for both MOS. Extraction radii of 40 ′′ were used for the source events for both the PN and MOS cameras. Background counts were extracted from source free regions, in the same temporal intervals. Response and ancillary matrix files were generated using the SAS tasks rmfgen and arfgen. All spectra were binned with a minimum of 20 counts per bin.
All spectral uncertainties and upper-limits are given at 90% confidence for one parameter of interest. Based on the spectral characteristics of this source, including the column density Square with circles indicate spectral parameters measured during average low emission levels, squares alone indicate parameters measured during an active period.
Analysis and Results

IGR
-15 -changes with the flux variations (Fiocchi et al. 2013 ), we performed a preliminary analysis for spectral variability by plotting the hardness versus total rates. We selected the energy bands 2-4 keV and 4-6 keV and computed the ratio R = Rates 4−6keV /Rates 2−4keV and the sum S = Rates 4−6keV + Rates 2−4keV of the count rates using a bin time of 240 s. These energy bands are chosen to investigate the possible column density and flux variations.
We selected eight regions of interest from temporal intervals showing similar flux and similar hardness ratio. In Fig. 3 and 4 (top panels) the total rate S (intensity) versus the ratio R (colour) for the flares reported in Fig. 2 are shown, for both observations.
Data from flares at similar flux level and similar hardness in the top panels of Fig. 3 and Fig. 4 were combined to improve the statistical quality of the spectra and better constrain the physical parameters. In particular, we consider the following regions in the plots of intensity versus colour: a hard region with colour ≥ 3.8, a soft region with colour ≤ 3.8, a region with the intensity lower than ∼1 c/s and a region with the intensity higher than ∼1 c/s. Within these colour-intensity regions, for the first XMM-Newton observation we sum data from different flares when the points are superimposed on each others (E+G+I and C+D+H) while we consider single spectral stetes when the flare points are well separeted (A 1 , A 2 , B and F). A similar criterion has been adopted for the second XMM-Newton observation, identifying two spectral states (J+K+L and M+N+O+P). The different intervals used for the time selected spectroscopy were indicated with letters in Table 1 and in Fig. 3 for the first XMM-Newton observation, and in Table 2 and in Fig. 4 for the second XMM-Newton observation. In addition, spectra of the low emission level were obtained including events with count rate below 0.4 c/s (the bin time of the light curve is 60 s) corresponding to a net integration time of ∼15ks and of ∼11ks for the first and second XMM-Newton observations, respectively.
The spectral analysis was performed for both EPIC MOS detectors and EPIC PN detector in the energy range 0.8-12.0 keV. We show only EPIC-PN spectra in the figures for clarity.
-16 -
The PN and MOS spectra have been fitted simultaneously for each time interval using the model phabs*powerlaw in xspec with the interstellar abundances of Wilms et al.
2000. In the case of the spectral states named A 2 and JKL the residuals show an evidence for a positive excess at iron line energies. For these spectral states a Gaussian component was added to the power law model. A zoom of residuals in the 5-10 keV band, using a simple absorbed power law model, is shown in Fig. 5 for the spectral states A 2 and JKL, from the first and second XMM-Newton observations, respectively. For each selected spectral state, the best fit parameters are reported on Table 1 and Table 2 for first and second observations, respectively.
Spectra and residuals with respect to the best model are shown in Fig. 3 and Fig. 4 (bottom panels) for the first and second XMM-Newton observation, respectively.
For periods in which an emission line is significantly detected, we also report the χ 2 value obtained using a simple absorbed power law without a Gaussian component (see last row of Table 1 and Table 2 ).
In Fig. 6 (top panel) the confidence contours (68%, 90% and 99% confidence level)
for the best fit parameters to spectral states EGI, A 1 , A 2 and "low state" are shown, for the first XMM-Newton observation. For clarity, we report on the better constrained contour plot only. In 
Discussion
The XMM-Newton observations have allowed us to perform an in-depth investigation of the transient source IGR J16328-4726 at two different orbital phases. We also followed the source variability in detail, revealing changes in its spectral shape. The photon index shows significant variations, with values ranging from ∼1.2 during high flux intervals (states EGI and A 2 ) to ∼1.7 during a low state (see Table 1 and Fig. 6 , top panel) in the first XMM-Newton observation (at an orbital phase of 0.4). This spectral softening at low luminosity is in agreement with the standard behavior observed in SFXTs. Indeed X-ray spectra during very strong flares are usually well described by a flat power law (Γ ∼ 0 − 1) while the photon index increases to values of Γ ∼ 1 − 2 at lower luminosities of ∼ 10 33−34 erg s −1 (see Romano et al. 2011 , 2014b , Sidoli et al 2011 . Changes to photon index corresponding to changing luminosity are not observed during the second XMM-Newton observation at orbital phase ∼0.6.
In Fig. 7 we show the spectral index (top panel) and the column densities (bottom panel) against unabsorbed fluxes in the 2-10 keV energy range, using spectral analysis of -18 - Fig. 2 ) during the first XMM-Newton observation. Γ is the power law photon index. Unabsorbed flux is in the 2-10 keV energy range in units of 10 −12 erg cm −2 s −1 and N H is in units of 10 22 cm −2 . When a Gaussian component was added to the model, E is the centroid in keV, σ is the line width in units of keV and EW is the equivalent width in eV. 27 ± 2 30 ± 7 29 ± 3 19 ± 3 20.5 ± 0.9 26 ± 2 Γ 1.8 Table 1 and Table 2 (Fiocchi et al. 2013 ), when we consider two orders of magnitude in flux. In a restricted range of fluxes, from ∼ 10 −11 erg s −1 cm −2 to ∼ 2 × 10 −10 erg s −1 cm −2 this correlation still persists.
To investigate the possible column absorption and the orbital phase correlation, we report in Fig. 8 the column density against the orbital phase. We display column density values according with colours in Fig. 7 . Squares with circles indicate spectral parameters measured during average low emission levels, squares alone indicate parameters measured during an active period. Spectral parameters values obtained from spectra with long exposure time (covering ∼ one phase) are not included in this plot. The iron fluorescence lines show an interesting evolution: the centroid is at ∼6.8 keV when the source is in the JKL state while shifts up to ∼7.1 keV at higher fluxes. As the iron line centroid is correlated with 2-10 keV unabsorbed flux (see Table 1 and Table 2) , line emissions at ∼ 6.8 keV and ∼ 7.1 keV could come from highly ionised iron ions: the ionization level is higher than Fe XXV and Fe XX for the state A 2 and JKL, respectively (Kallman et al. 2010) . Since the theory predicts that the iron line intensity ratio I K β /I Kα is ∼ 0.13 ph cm −2 s −1 (Kallman et al. 2010) , the lack of a strong iron line at 6.4 keV during time intervals A 2 and JKL exclude that the observed iron line at ∼ 6.8-7.1 keV can be fluorescence iron line K β , not respecting this iron line intensity ratio. This behavior suggests that the X-ray flux produced by accretion onto the neutron star partly ionized the Conversely, the clumpy wind model alone is not able to explain the few days long flare observed with INT EGRAL from this source (Fiocchi et al. 2010 ). This evidence confirms that additional mechanisms are nedeed to explain the extreme variability seen in SFXT (Bozzo et al. 2014 , Lutovinov et al. 2013 ).
The two proposed additional mechanisms to inhomogeneus wind are the quasi spherical accretion model (Shakura et al. 2012 (Shakura et al. , 2014 or the centrifugal and/or magnetic gating accretion (Bozzo et al. 2008 (Bozzo et al. , 2016 . At this stage, for IGR J16328-4726 both mechanisms cannot be ruled out, indeed:
1) the theory of wind accretion in HMXB hosting a magnetic neutron star with transitions driven by centrifugal and magnetic barrier (Bozzo et al. 2008 (Bozzo et al. , 2016 requires an high magnetic field to explain the observed dynamic range (greater than ∼ 10 14 G): unfortunately, the magnetic field in IGR J16328-4726 is unknown.
2)the quasi spherical accretion model (Shakura et al. 2012 (Shakura et al. , 2014 concerns the accretion onto slowly rotating X-ray pulsars: the spin period of IGR J16328-4726 is unknown.
-23 -Furthermore this theory predicts two regimes of accretion at the critical X-ray luminosity value of ∼ 4 × 10 36 erg s −1 . The present XMM-Newton data and the previous Swif t/XRT results (Romano et al. 2013) allowed to extend the studied luminosity range, spanning from ∼ 6 × 10 33 erg s −1 to ∼ 3 × 10 36 erg s −1 . Unfortunately, the investigated luminosity values are always lower than critical value preventing to study X-ray behaviour at very high luminosity.
Finally, we note that the accretion radius and the magnetospheric radius are highly sensitive to variations in the wind velocity and this wind velocity can significantly drop or be completely halted close to the neutron star when the matter is ionizated (Krticka et al. 2015 , Ducci et al. 2010 , making the comparison data-model complicated.
